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(57)Abstract: 

PURPOSE: To aim at the effective utilization of energy to a desired 
basic wavelength by obtaining an effective refraction basis of a real 
value of the change efficiency and a real value of the reflectance, and 
making this result feedback to the design of the SHG element. 
CONSTITUTION: A substrate 102 of LiNb03 of an SHG element 
100 is formed with an optical wave-guide 104. This optical 
wave-guide 104 is provided with periodical polarization reversing 
areas (domain reversing area) 106 so that refraction factors nl, n2 
thereof are different from each other, and areas, of which period is 
changed locally, are provided to form parts for satisfying the 
simulation phase matching condition (QPM SHG part) 110 and parts 
for satisfying the black reflecting condition (DBR part) 120. With this 
structure, the SHG wave emitted from the SHG device in two 
directions are synthesized by an optical synthesizer to utilize the full 
of the energy output from an LD as a basic wave light source, and the 
SHG efficiency can be improved practically. 
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[0 0 5 4] ^fc. Sd©ltJfe^Ir-«, Jf£b<«:. DB 
RSP <»: Q P MUt $:mM<DmM.<<C*in?i\WLtt S 

[0 05 5 ] ^/c. C©^Bj©SHG^K:J:nif. ± 

[oo56isfc. c omvi<D¥mmMM<D s h Gwm. 

{Cfe^TtJ, ±aib/cSHG*^F©DBRgP<hQPMS|5 
#U--?t. B?SeDBRgP*5j:i>*QPMgP©^n-eni 

[005 7 ]Jfc. C ©^BJ©ffe©jhFS^ife^!l© S H G 
^gKfcC^r. 85IBSHG^iF^2{lfflLK frti^tKD 
S H G*^€H«ia^^ft b — !f © A*f«*J ct O'Hi S*3Ss© 
cn6>SHG^iHyl2*^*u 

[ 0 0 5 8 ] & tc, c omw<Dm<Dffmmt&M<D shg 

«BtctoC>T. iiflIB2o©SHGJft^*>6©SHG&£ 
[0 05 9 ] 

[[fffi] _La£L/fcS H GJR^O^ESSWBJf *©*fae*tt{C 



C7) 



XL 

ftrt»s«#*©j&&{c&-rs=' t- u>^s«r^* 
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[0 06 0 ] *K. C©S HG*^©*iWjfi»K:. ?BE 
jgg u _^f %xm$ "i±r SHG^$^i #3* 
2f3£©jfcgA s „ c £IiJ®t<fci33<#&„ C©fiI>£fl3tvC 
*SC (7) T4ie>h5L^5. 

[0 06 1 ] 



L = A s „ 6 / {4 [n (A,,. /2) - n (A,.'. ) ] }. • • - • (7) 
fflU n (A s „ c /2) foitfn (A„« ) BSHGf 3K*aKSW36»6©SH3(!«**:i«c*i(«A... 



[0062] #tc, C^MiSKtcS^SHG^!)? 
^^i^t-p?ciaM©a*j6©ffiS©3l£ : l:ASfS#-C. « 

An = pA 6 «t /[4L-n (A D ,» 
{HO. n (A D a« ) «. A oit tCjfr5^^^tf4 
©@W©S5f^> P«> jE©^-C*oT. An#0< 
Ar><0. 1 ©^HtciKSSi'StcgS^-r*. 
[0063] a^©8^#t«B#¥tmte J: 0 . SC 
(8)©l«\ e©tf ■€■©«>©•?&<, -e-©^8fcf3££ 

N =n+An 

fcs©S#&©i£SK:*fb-C. jSS©^SHBiOiE 
SitcAn. gfor. |g&ISfr*N£#i*£C<fc#ffl* 
■5. . 

[0065] Sfe, a&fflTOfttN «E»tc««0fc± 
■C. QPMtfBtfcWT-SSHGJft^flF'h £6(CiSft 

?&©S5f«^$C@)-rntf . S H G^©^38l*€:SSW 
ftffitcfi^SCt^T'ti. •€■©*§#. x*;t,*--© 
«fc 0 «S»ttfOT*H4 C i*5-cl? 5. 
[006 6] C©^HJ©±if HGJR-T-tCJ: 

n«. SHG^^©7fe*^©-gP^ ; &DBR^3t<t 
U QPMfll»r*4JHHW^lia£1*»*bT«lSE 

r * .• c © d b Rmk<Dfm*s& c*»«eri»s ©aw 

?r^fc.Stc«±aibfc^J: l 9^^cAn=&ffl^-2.. S£ 

<fc * tcffiffl utc?mim<Dte&3ktttm&micm-<DZk 

frX-fcfcfh. C©<fc9K:. DBRgp^iQPM-SH 
G©^*#T4S#£*#«U-CSHG*iF*»J5fcl, 
TVS©T?. C©DBR^#£ffi&©g#&fC*tbT8; 
SLLr^tttB*-2>„ SHG*-?ef#?r. -36© 

HftW&«*iS©iftfttt:»Lr©*<c6.-r. «**©<-»«■ 
L... =q A/4 [n (A) +An] 

fflU A«s$i£©i£g, qttjE©SE8rca^r. SHP 
©«ft3&*^JII&«HriB*4*»af *)^S<,»c ia6*2* O 

[0 07 0] 

[JtJfett] HT. H*#JBbf. c©»W©SEJ««.«:o 
fcttWT*. (SJ. CO^OSHGtTMSHGM 

©itfiS€r^riiti. c©$sB**»Btti*£gft©. -e© 



) ] (8) 

•kit. 3t-l/>Xg#g< l 1 MmggKTt?*-51g^ 

n^cfttcKS-rs. ) . sc (8) tt»5tcR£/i£tt 
#o&t,>c <h*5g®ltf)K;ioA>ort^©-c. a... ©ft 

[0 06 4] CftP>©W**>63£ (9) £JBt,>T 



(9) 



^-rtM&»©ff»0ifc*K*fja:L-ri9aH-a**. 

[0067] 36<C. C©^OJdil/fcifi£(DSHG 

ctjwa**. ccsHGjatcinit. 'shgjr^s 

**S0fS©?feS©S*i6«:^je L/ T?gJ& $ tifc ©T * 

e©^e#t>afc*«&^©^* vastest 

30 &£#>&l,*ittl>*s. ^tfu-lf (LD) j&>6©£# 
jft*J»*A< SHSaftS-Sict. 8!-9-C. SHG&* 

[0068 ] flX.|f . L DO-*OiI«jtfi»*3- 
7-4^>V (HR) <fr^ftt30K:AR=i-T--< 
4. *UT. C©LD*DBR«jg«rWT4^jg8S£ 
^MtC^rS. CODBR©SS8tt±^WcSHG 

j(w«2H^»©iftfitt:-»b-csaic«i8r« «fc 5 k 
sBe-rs..c©t*, ±jaji,fc«t^{cur*j*fcAn* 

ffllr**. JWWKtt. C©i«2L,„ < = A... ) It 

40 asc (i o) *«sr*J:^K8atr4. 

[0069] 

■ • • - (10) 

[ 0 0 7 1 ] < S H G3R^©38»ffl»r*©itoE*afe©» 
?8>cn«, jfci!»iftB©|Bai»B*r**Sa««:a!Cei/r* 
i{>4. #&7fcJ£#*f*4 (L i N b O, , LiTaO, . 

KTPi) ©H^cfflJf^ciftfifiSiJtttciB-raf?-* 

50 ${>£K. S-QPM SHG^J^Si^ffiSn* 



CS) 
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®mx&mj^n&zi^%Mm&z&i&-i-z>. *i» 

X, ttSnneu— tf£J:»3C©:£*&SSK:*fL-CSHG 

^a** 5 ** «fc a a**3as©***sfer#»a . c © 

[0072] S HG**©»g* LiNbO, -Cflftftts 
fciS^C-O^^BJf^. ttc. afcjfcJfcJBil/T. In 
P/InGaAs P^SIfcU— ?f *ttffl-r*«^r*»e 

LTifciigir*. 10 

[007 3]5fer. InP/InGaAsP LDT. 

u—??m&mc-?B<nzm 1 1 icw&j: 1 }?**'*? f-^ 

1 1 fre^e.fr&J: C©L'D©£.fif©**Wl . 
3 2 jxmr&S. g*j£©&fi#C©Jfi&T&Sig£-© 

5^:) ££^Lfc©#. %ttcmwLtcm7-e$>z. C© 
m 7 «. &mm&m&sm&#mmLim£ turn® 

tfet D B R i fC^titei £*ta£fc«{>©i&#£#*.-C 

20 

[0 074] S-QPM SHG©Is31K::&£ig-?T^ 
^i, SHG*^;fr6©*§S«:j:9LD##ygU C 

©»«##QPM^*iisT*c£#sj*-c*s. r 

frfcS. C©S-QPM SHGTB, QPMZ^m?* 
L = 3 A sue / (4 [n (A 5 „« /2) 

^jSjs-rsL©*!*^*. ^ntcfctit*. mi2frh 

#j5>&J;5K:. A 5 „ c BSfi9 2 4nmr*5. C©& 
SCD@WS&f*n ( A 5 „ c =9 2 4 nm) = 2. 164 
T-£>«?. n (A 5 „ c /2 = 4 6 2 nm) = 2. 2 

7 i-c*S©T\ wctsigi/fc (5) 5£K:cfte>©<iI* 30 
RXUXftWirZt. L=6. 49 8(imiW. 
[0077] '-Xic. 1 . 3 Aim©Jfi^<D**/cT^^ 
■i X— F (LED) ^t^UTC03EiiSI8*6©5« 
^te^Pi^ft:. CftKJ:££, 1. 3 2 7 m m«:*Jt» 

(10) StCf^A-TSiOTC^i^^. flU C C 
-Ctt. p = 43i«„ 

[0 0 7 8 ] An = p x 1 . 3 27/4x6. 498 - 
n (1. 327) 

= 43x1. 327/4x6. 498-2. 144 40 
= 0.05 13 

C©i:*>KLT. An**a&SC4*«ia*fc. 
?*^An = 0. Ob.tLXi^. C©(fiAnliS#$ 
n m gfc o r R t ^ £ 3« t L «c l > © 
r. «T«W-r S S H GSH^SfifKclWitttti 

[0 07 9] &5^LAn£ffig&<:£#-Sit;*K:8:. 

An **2«>T-e-n6©^fii^**n«ja.c». so 
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* ztc&oftWxMm&Uftt d b R&ft&mm-rz c t 
<t q PM=&^i-rsfcto©siJ»<b zfrmurmfs? z c 

[0075]?CT. CCTW, gtlcmWUtc 
(8 ) ^tc&oT. An4«ft5. fciT. S^jfefc^i 
LX 1 . 3 (imIOL Di^ffibTffttofcKfeW* 

[0076] 5fer. 7* F V .*9©-«Wtt« 
Jfj?rffl^rJlS!*S6 . 5 u m©#®5fi1Sit£L i N b 
O, «&©z® (cffi-C&AS) ttT i^t£tfca-Cfl5fi£ 

C©SPgT-(JH^S9«:^-gse«i*©Jit)!li 6 . 5 m m 
KJgjjSSttT^S&IBam^ fCT. Ti :t7 7 -f 
!f*C©^^SStcm>r A 5H<; £3££>-5. 13 1 
2*5^CDi^mr*^. I12tt. ttttt©S#&©&S 

(nm) zm*). muicsH<z>yc®mz&m<DmQ.xt 

•jT^lfcT i : D-v r -Y + U-— «f©*-<^ h-U^fi^ 
t?*>£„ Ti : ■y^r-f+'U— «f©?<Jf#®H#9 2 0 
e>9 3 0 nmig(C|g6hTCi$Ii-C, 3#©QPM 

COit. 5$ (4) (CfcO-C. »8tt£#^L/cm©& 

-n (A^ ) ] } •••(11) 
[0 080] $/c. COmMmXte. LiNbO, 

ictixmwbtctt. {txD$mx2,-,xt>±Mvtcmm 

[008 1 ] <^^l^(nJ±S-ti-^>fcSt>©SSS(y : S 

wwa*a©»w>*(c. Jd3i©^ffi*stir*«>fcjs 
^s*r$tc«-^^. *«{cgwfc^jgK©^»^es: 

[0 0 8 2 ] mi Stc^-TSHG^tt^ Jr'PS.'SW^ 
^fe3<»*©^?rS * fci* fC. 300i, 
nftffl®^&3 0 2±*mZ.X^Z. C©SHG*T 
« % LiNbO, ©S«3 0 4iC©If3 0 4©+C 

r. jESM±tcii#ii3 i o^bTtwenfcf 

101g3 0 2at. Ifi3 04©f l©lt302a 

©^©as^tcc©^ i ©«@3 o 2 atcjs-^r-en-e 
n^we.nfc^2©mS3 o 2 b txm&utcm^3 0 

[0 08 3] ttc, S«3 0 4©Sg3 0 2SrSW/t® 
©S^M©MK:«. SS$»Jffll*eiLr©^l/^*^ 
3 0 O^AxTO-5). 



[0 084 ] fem*K3 1 Ott. 3fe'^^S§3 0 8©ftg'»f 



15 



10 



S H B*SI3tt9»C!RtW«c(r»t#f*-C«teR-r £©#S£ 
C©HJ60!!©«^tt. C©»a#«3'l 0*/*S 
#1 ~2 (immS.<OS i 0 2 ®3 1 OT^SbTt^. 
C©SiD, Jg3 1 0©^fi£ttM^tfS-?-^»DSitc<l:-5> 

c o o 8 5 ] o 2 c (DmMmcom^t. mm 

■CSS 3 0 4{ffl*6i'PAfc<fctf#£fIJib;fc2SJg-C 

0> 9. £/c. ^B©*-CHIfi3 0 4K 

^■f5Ci{Cj:-j-C^3 0 4 £©fg#£***fflW£ 
^flEtCLTC»-S. mi OSS' 3 0 2 a£ffl2©SS3 0 
2 b <h0mnGI^#r*&£:ft3&fg3 0 8^BrS©* 

An (A) =- (1/2) • n J (A) 
flU r,, (A) tt— yca«*^ffi«-C* <D . F, i Nh 
O, •CiJ3 2xlO- ,! m/VT*5. ft. C©ffi©A 

•5. se-^T. as3 0 2(cBWn-j-*aflE€«»r*c4 

(Cfc«J. ffiff^n (A) ©MRr*53t-U>^*L. 
c OttW5 7fKH*frA/ {2n (A) ) 

E z = V/ (2G) 

(1 5) ( 1 4) 5£fcftVrS4. <16)5fcW» 

e>n-5. ★ 

An (A) =- (1/2) • n s (A) 
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*a»*Joit4©«:s-r*ajaE3W»<at4. c©fc*. ^ 

KG&ifc3eLfcWftWr&&&l>. C©3Ut0!(-Ctt. c© 
raPSG^ 1 Mmiigi-r-S. C©aS3 0 2tC«. 9-f 

sftSftTfefK C©?l*£bLE^ ; l:/hbTaS3 0 2tC 

[008 6] aS3 0 2 fC J: 0 aiWWWl/fc*!^ 

©^«2®?S3 o 8 *<Dftmmmms£mmmtem<D 

^t^An (A) it-. SS3 0 4©ZW^|S] (CliC 

se«c*i6i) ©ws4g&0©*#*£E z t-rst. 
mo&mzj&t (h) 

[008 7] 
• Tu (A ) • E z ••••(12) 

4CitC«t4. tftc. C©H*S0l©iS£tt\ S-QPM 
S H Gm^&mSir 5 C £ #T £ 4 C £«C«r 4. 
[008 8] ^IC. aS3 0 2lcajIV£EPft]LfcJg^ 

<DMWcoi>?*s-r*. c©aEEV£Epjjni/fci§£© 

T^fiSSg 3 0 8 © Z 75-(S]©atS^©^^ ?E 2 Big 1 
*J«tCF^2©aS3 0 2 afc<fctf 3 0 2 b©HR53WG"C 

a8%4>£ (is) m^nsci^e, 

[008 9] 



20 



★ [009 0] 



T., (A) • (2G) 



(13) 



(14) 



S-QPMM (UX©QPM^ff^fiJfflT4ifl^L^ 
<#«KiE*Sft©¥JlJH. A/2) = 

CCT, 

(QPM^ff) = A/[4 {n (A/2) -n 
(A) } ] 

(DBR^ft) =p A/4n (A) 

[009 2] ±mbtc (17) j£ttS HG#?©fHK8R 40 
^CC, C©Hffe09-Ctt. a?MMSPfeJ:e/Si$iW 

awe «fc o tt«&ft*> e ©-rn^»«-r 4. 

[0093] CCT. aS(cai£V£EP»-r£<!:/I#f* 
n (A) jPXftTS. C©fc6?>. QPM^fFBfcTF© 

(18) s&Distcgtffc-r*. 

(QPMM) =A/ [4 {n (A/2) +An (A/ 
2) — n (A) —An (A) } ] 
= A/[4{n(A/2)-(l/2) - n* • (A/ 
2) • r J3 - (V/2G) - n (A) + ( 1/2) • n 50 



*T) B. fc[T© (17) S©cfc 5tc*e*. 

[009 1 ] 
(QPM^ft) 

(DBR*#) (15) 

J (A) • t 3 , • (V/2G) } ] (18) 

- 3\ C©tt©DBR^ffB, t(T© (19) 5£©.=fc 

[0094] 

(DBRM) = P A/4 [n (A) +An (A) ] 
= P A/4 [n (A) - ( 1/2) • n' (A) r„ 

• (V/2G) ] (19) 

CCT, S-QPM^#*>6©-r*i£«T©J:5taE» 

T2>. 3B8KfHR3ftfcQPM S H G*-7-©»SSIE 
fffit©Jl»lA 5 A ' -c^^fci-rii. 
5. = (A' /2) - (QPM^ft) 
S> = (A' /2) - (DBR^ft) 
SHG^©ag^{t^-7-i2^K:a-^< S-QPM^ 
#2»6©=£###fe£U *0. 5, *0£fcofcJ» 
±MOtcJ: *> KiaiEV Zffl&TZ CiT, 5, =5 
, =0iT5Ct*it??>. 
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[0095] WC, mK*WlMlstcm&<DQPM3kflFte 

tt, SHGJR-^©*»SSRK:Ena3tife*»^QPMft 
ftRCf D B R^fr t OgSft?:S"rHT*S. 8MB:* £ 
(nm) (RM«* JSRfl«ai»Z>H. 

J8*Sbr^-5. 0*. 3t-U>^g(QPM^) 

AIR I». «6{C«a*ffltoLTl>fc^i#©QPM* 
fteriSU I I tt, m^tc 1 0 VconKZWlMLtc 
^QPM^ft4Sttl^ s — (DBR 10 

sfeft) £ftl§I I I fcctCHKB I VrS%br*4.. 
II I«\ WKtcaEE^EPftll/Tlrittt^ODBR^fefr. 

«ru KS i vtt. mew: i o vonEEiwtxiLtcm 

tRI Ifcitfl VO&jAOHXttt. «E«P»DL&t>» 
CD^ft±£>#ffiJ®i£1f i&OJi M i #3£<9 S H G JR-M) JB 

BWWtttfcwscimsctKai. 20 

[0096]^, jaSMSiQPM^fffccfc^DBR 
[0 09 7] ^tc, M**Wb*tfa^QPMS^4s 

1*. s h Gmwtitmmom&t q PMjfcfracF d b 

(nm) ^iU SHIS* SIE»«»»DJSW*»L/r 

0*, nt^-lx>^g (QPM^tt) 4 30 

*fr*flaVte<fcOTiS»V fi^VB. 
3 0 OKCDSSTOig^OQPM^ft^L, K»V I 
tt. 3 5 0K©SKTOQPM^*SLtlr^. — 
38f, H*. (DBR^ft) «VI I*5J:C«ttlVI 

i irsu*^ ffinv 1 nt % 3 0 0K©iaffT© 

DBR^tt^U »IV« V 3 5 0KcDDBR^fr 
**clsTir>S. HI 5«:*-rJ:9«:, a«VI*$J:EfV 
I I I <D3L*<Dmm*. 3 0 0 KCr>Jg^tk-<T 4 0 n 
mJK&^t^S. 8fot SHGX7<DBIf±OjMi 
^«»©JHll!illlS©SHG*^ja)WiOiacC^» 40 

[0099] * fc % m&<oy * h y v ^5 7 < cd^j^t 

«£oT. ^SEOSHGSWfHHKfcWiffiK so 
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[0100]^ SI 4teJ:&mi 5tCSbfc«»*JfflI 

^ A - jr i b r «T©«*ftA L/ ft:. 
G = 1 mn- 1 x 1 o- 6 m 
r 3J = 32. 2X1 o- 12 m/V 
n ( 1. 3 //m) =2. 1 4 5 3 8 
n (0. 6 5 urn) =2. 1 9 8 8 2 4 
p - 43 

c © <£ 5 k . s h Gm^m&m^nbft&*-c<Dm j =F 

[ 0 1 0 1 ] ft. ±J6bteauWPR0f«IWWiW*«tt. 
S-QPM SHGf^^^-r. DRR.B»iQP 

<S>o 

[0 1 02 ] <SHG*- : fCD^0J>^K:, SHGJRW 

£i&0j§-f ±j$Lfc5£ (4) a>2o©A7^-*m. 

T. LiNb0 3 *«KWtRWt4i t nfc-U> 
XSLc 1.3m mgltfthK 

554 *> o T *T ft tf , JI8«ffl^&SS«it*^^ £ C i 

ft6CjtT4p<2>ffitt4 0gtt-C*4. Ctlh<DC±t. 
L i NbOj (DfflB»r**#*r 5 £ . p ©it* 1 Sfcft 
« (4) SCT^iL6ft**fftt0. 2 S/zmig^tt 
£ 0 Cfttt, 3t-U>Xg3&5 0. 2 S/imtC^lS-rS 

■Ctt. DBR^BiCDW^iSHGSR^ ib"C0>»»4* 

&T£„ C<Z>B*, ±^L//tS ( 1 ) t^cAnSffl^ 

[0103]^Ct k C©$fcW©SHGjR^tt, SHG 
Sf5#4 DBRSP»4««ffl Wc. jCiN%»(CffljSa(CS 
tftftS. HJfeW«r0 1 (cs^r. Sltt^TSH 
GSR^-l 0 0<D«JS"C». mSLiNbO, <D»« 1 

0 4*»SWi. ^ir, C©*«iftB5l 0 4tctt % ■ 

»W(c^fc«««Ktf-SCi(cJ:-7r, QPM SH 
GS^l 1 0 4DBRSP»1 2 0 iiflWE-Ti. C<Dif 
RBDf±^W«^*S*J. CtDJIlRWrtt. QPM SH 
GBSB^l 1 0<oa£*H«K:DBR»»1.2 0«rRWr 
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£>9. b*>fc, cne.DBRgP»l 2 OKSHGift^l 
a»l 1 Ofc^C/l 2 0©f«3SftIftl*ISItr4i 

*s. **i^n©SB#©#gK3£S8!#sg&-?ri,».5. d 
b 1 2 o itm^.oy'i&Siiz.nu-cas.sm^m 

ffis.tz^sic^ommAo.t £*te£-rs©#^. c 

A,., /2 = pA/4 [n U) +0. 
CCT, n (1. 3 2 7)745*^. 1. 3 2 7/4 
(2. 1 44+0. 053 1) = 0. 1 5 1 * 
tf (LD) ^©»®&^B\ P*^SS:t?*SH 

^-si. P = 7H£*ssgi<u. -e^-r^t. A... 

/2 = 1 . 0 6 um <k£tS. 

[0 106]-^. QPM SHGS$#©¥JaJBA„,. 
(JfftCtft^ly/cJr^kl. 1513:6. 5/jmttniiSl.>. * 
R= { [ 1 - (n 2 /n, ) n 2 (n, 
[ 1 + (n, /a, ) n 2 
n, = n ( 1 . 32 7) +0. 0513 = 2. 1953 

n, =n ( 1. 32 7) + 0. 0 5 1 3 + 0. 001 = 
2. 19 6 3 

t?£>£#>6. 750gS5 (2X= 1 500) <t-tft«\ 
R=0. 3 92 2i&D. Uff4 0%(DSSl*!i5^n 
•£„ DBRS»©<f^B. 1. 06x1500=159 
Oi/ai. t6fc%.'l. 6mmlgffc5. 
[0 109]$fc. QPM SHGSP#ti5/!»P> 1 0 m 
m t -rnt53t#& S H G^Ml$^6n5©t. 
£ft©-3i£tt6. 6*61 1. 6mmgSt?3t»r-*S 
C&fC&S. -r&*>%. Se*©SHG»^(cit^ri 0 
%^fi (Smmig) 

[0110] ±a(/fcWtMTIi. D B R®ftZ S H G 
gi5^©A^Ssfi!l^ 1 O^tl+fceilT*?)^. m 1 K^n 
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